Abstract:
INTRODUCTION
The mortality rate is one of the indicators that reflect the health status of a population [1] . The proportion of the number of deaths in a country to its total population has steadily declined in most regions of the world [2 -4] . Korea is no trend in the overall mortality, understanding cause-specific mortality rates and their temporal trends seem necessary. The trends and patterns of mortality rates for major causes of death are potentially useful not just for clinicians and researchers seeking to improve health and reduce high risk factors in the medical scene, but also for public health officials because they identify the number, causes, and geographical distribution of deaths, providing a basis for national demographic and health care policies. Examining the changes that occur in the causes of death over a long period of time may even provide some insights regarding how to cope with issues of public health and welfare in developing countries as well as in other countries [8] .
The aim of this study is to explore and analyze the characteristics of the mortality rates for major underlying causes of death in Korea. For this purpose, we analyze and visualize Korea's death data. First, we explore the patterns of death by seasons and months, and examine the mortality rate for each cause of death. Second, we analyze frequencies of deaths according to gender and age and investigate the causes that affect most Korean deaths. Lastly, we visualize mortality rates using various graphs including heat map plots, with which we can better explore and understand the relationships between the variables and secular trends, which are inherent in the data. The features and main contributions of this study can, therefore, be summarized as follows: We present the mortality rate patterns for major causes of Korean deaths, which may serve as a reference for the government to establish strategies on the prevention of disease and grasp indirectly the demand of health medicine. Furthermore, we use some visualization techniques including heat maps to investigate the information and associations among the variables. With these visualizations, we can provide a clearer and more accurate understanding of death data.
MATERIALS AND METHODS

Data Sources
Public health data are constructed from different sources e.g., birth and death records, medical records, interview surveys, or through direct physical examinations and laboratory testings. The National Statistics Office (NSO) of South Korea aggregates demographic trends every month. The National Health Insurance Service (NHIS) and the Ministry of Health and Welfare (MOHW) report the statistics on health examination and community health indicators every year, respectively.
In South Korea, the medical certification of death is not mandatory and there may be a problem with the quality of death statistics data for several reasons. Korean death statistics have been perceived as less reliable until the late 1990s [9] . The Korean government, however, has attempted to make various changes to the death registration since 1999. e.g., they have expanded the link to the registered death database to other databases. As the result of these efforts, the quality of the death statistics and the accuracy of identifying the underlying causes have improved [9, 10] , and the erroneous misclassification of cause of death has decreased [11] . The underlying cause of death was specifically defined as the disease or injury that initiated the train of morbid events leading directly to death or the circumstances of the accident or violence that produced the fatal injury [12] .
To analyze and visualize mortality rates, we collected relevant data for the period 2005-2015 from the micro data service and 1983-2015 from data service by subjects of the Korean Statistical Information Service (KOSIS, https://www. kosis.kr). As a gateway for Korea's official statistics, KOSIS offers a convenient one stop service to a full range of major domestic and international statistics. The micro data set consists of about 3 million subjects and some indicators/ variables including causes of death. The data set obtained from the data service by subjects has information relating to the number of deaths and mortality rates by the causes of death and age groups.
Statistical Analysis
To explore and analyze the data, common data analysis methods were used. A two sample proportion test was used to compare the proportions of the variables in two groups [13, 14] . Hypothesis testing for a proportion was used to determine if a sampled proportion is significantly different from the other sampled proportion. In addition, exploratory data analysis methods were primarily used to explore the data with more quantitative traditional methods. We also used some visualization techniques such as heat map and line plots to present mortality rates by gender, age and year.
Heat maps are a popular graphical way to summarize data, observe relationships among several statistical variables (the columns in a heat map), and organize the observations from numerous participants (the rows in a heat map) all in one single graph [15] . Heat maps have been made widely popular by Eisen et al. [16] . But, as Wilkinson and Friendly [17] pointed out, heat maps and related graphs can be dated back to the 19th century. The underlying idea for heat maps is that the data is split into different intervals that are assigned to a color.
RESULTS
Number of Deaths and Mortality Rate
The crude mortality rates, in deaths per 100,000, have continually decreased over the last 25 years in Korea since 1983, though they have increased slightly since 2006. In contrast, the number of deaths is more or less on an upward trend over the last 30 years [8] . Table 1 summarizes the trends of the number of deaths and crude mortality rates from 1983 to 2015. The crude mortality rate in 2015 was 541.5 per 100,000, which was an increase of 14.2 (2.7%) compared to the rate observed in 2014. The rate in males was 591.0 per 100,000, which was 1.2-fold higher than in female (492.1 per 100,000). The number of deaths in 2015 was the highest since 1983, and the crude mortality rate was the highest since 1992. The total number of deaths in 2015 was 275,895, which was about 0.54% of the population and an increase of 32,012 (13.1%) and 8,203 (3.1% ) from 2005 and 2014, respectively. The number of deaths in males was 150,449 with an increase of 3,128 (2.1%) from 2014, while the number of deaths in females was 125,446 with an increase 5,075 (4.2%). rates for the major causes of death and age in 2015. The rates for suicide and circulatory were the highest for ages of 10 to 39 and over 80, respectively, and the rate for cancer was the highest in all other age groups.
From 2005 to 2015, the gender ratio of the population according to age is reversed starting at age 56. The ratio of male population to female population is 1.06 until age 55, but the ratio of female population to male population is 1.25 after age 55. Fig. (1) presents the total number of deaths from 2005 to 2015 by gender and age. The total numbers of deaths of males are higher than those of females in the age groups under 80. The gender ratio of deaths was the highest at 2.9-fold in the age group of 50, while the gender ratio of the population in the same age group is only 1.005-fold. In the age group over 80, however, the deaths of females are overwhelmingly larger than those of males as the proportion of women is higher e.g., in 2005 and 2015, the ratio of the female population is 2.42 and 2.29 fold higher than the male population. The deaths of females over 80 are 47,022 and 70,836 in 2005 and 2015, which are 1.9 and 1.7-fold larger than 25,079 and 41,802 males, respectively. Fig. (2) presents the number of monthly deaths from 2013 to 2015 using heat maps. In the heat maps, darkish colors represent a high density of deaths, while lightish colors represent a low density of deaths. The heat maps show a seasonal trend that can be associated with cold weather. This observation confirms the results from many previous studies that have investigated the association between temperature and mortality and found a significant association [18, 19] .
Recently, there has been a growing body of literature on the temperature mortality relationship among older people in both developed [20 -24] and developing countries [25 -28] . Both hot temperatures and temperature variability have been found to impact mortality rates [29] . Cold weather and being cold from living in a home with persistently low temperatures and lack of thermal comfort have been shown to have impacts on physical health and cause death from circulatory and lung diseases that would not have occurred in warmer temperatures and warmer homes [30].
Exploring the Causes of Death
Statistics Korea has published an annual report on the cause-of-death statistics of the Korean population since 1983. In order to determine the ranking of causes of death, Statistics Korea used the selection list of 103 causes of death for the tabulation of mortality statistics recommended by the World Health Organization to better fit the Korean society. The eight leading causes of death were, in order of mortality rates, cancer, circulatory, respiratory, suicide, digestive, endocrine, nervous system, and infectious disease. The top eight causes of death accounted for 80% of all Korean deaths in 2015.
Temporal trends in mortality rates for the leading causes of death varied by cause of death and by gender. Fig. (3) compares the trends of mortality rates from 2005 to 2015 by causes of death for the rates for males and females. The rates for cancer and circulatory diseases are considerably higher than the rates for other causes. Most causes display slightly changing trends in both males and females except for cancer, respiratory, and nervous system diseases. The leading cause of death each year from 2005 to 2015 was cancer in males and circulatory diseases in females. The trend for respiratory diseases shows a steep upward trend in males, while a similar trend can be observed for respiratory and nervous system diseases in females. In particular, endocrine diseases have a slightly decreasing trend in males, and suicide, as well as endocrine diseases, show a slightly changing trend in females. Table 3 shows the comparison results of mortality rates by gender in all ages and in the 75 or older group, respectively. In all age groups, the rates for cancer and suicide were significantly different between male and female at the 1% level for the two-tailed test (p-value<0.001 and 0.004, respectively). There were no significant statistical differences between the two gender groups for the remaining variables. In the 75 or older group, however, the rates for all causes except for nervous system diseases were significantly higher in males. The p-values were 0.008 for digestive diseases and 0.001 or smaller for the remaining six diseases.
Noticeably, about 91% (male: 89%, female: 93%) of all Korean deaths in 2015 occurred after age 50. Fig. (4) presents the deaths and mortality rates after age 50 by causes of death. The death toll for cancer is the highest at age 75-79, while the highest death tolls for most other diseases (except for suicide) occur at the age of 80 or older. The death toll for suicide has a tendency to decrease after the age of 50, but death tolls continue to increase until age 80 for most diseases. The mortality rates for circulatory, nervous system and respiratory diseases increase rapidly after the age of 80, while the rate for cancer tends to decrease after the age of 85.
In the eight leading causes of death, on the other hand, about 55% of deaths occurred in people aged 75 or older. Exploring the mortality rates, therefore, has a considerable implication in figuring out the influence of each cause of death for those over 75 years of age. Table 4 presents the differences in mortality rates for men and women aged 75 or older. The leading causes of death are cancer, circulatory, and respiratory diseases in males, while circulatory, cancer, and respiratory diseases in females. The rates for males, compared to females, are higher in all causes of death except for nervous system diseases. The absolute difference of the rate for cancer between males and females is the greatest, while the difference is about 33.5 and 12.1 times that for digestive diseases and suicide, respectively. However, the relative difference is the greatest in suicide, which is about 1.6 and 15.5 times that for cancer and circulatory diseases, respectively. The cause that has the greatest difference in mortality rate for men and women aged 75 or older is consequently suicide. Fig. (3) . Trends of mortality rates per 100,000 population by causes of death (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Fig. (5) compares the trend in mortality rates depending on age for males and females by causes of death in 2015. The difference in the mortality rate for males and females for cancer dramatically increased after the age of 50. There are similar trends related to gender in the rates for respiratory, endocrine, and digestive diseases. The suicide rate began to vary between males and females after the age of 25, and it increased drastically in the case of male after the age of 70. In particular, the rate for nervous system diseases was slightly higher in males until the age of 70, but higher in females after the age of 70. This is a unique pattern among the leading eight causes of death. Fig. (6) presents the proportions of deaths for eight causes of death in each age group. Under the age of 9, the proportions for cancer and nervous diseases were relatively high. However, suicide deaths were overwhelmingly high from the age of 10 to 39, and the death proportion from cancer was noticeably high from the age of 40 to 79. The proportions from cancer were higher in females up to the age of 69, and they reversed after the age of 70. In addition, there was a substantial difference in the proportion of deaths from cancer between male and female, and it especially showed the biggest difference from the age of 40 to 49. After the age of 70, the diseases with the highest death proportions were cancer, circulatory, and respiratory.
DISCUSSION
The annual average number of births in South Korea was about 457,000, while the annual average number of deaths was about 256,000 from 2005 to 2015. The number of births was over 1 million in the early 1970s, but it decreased to about 438,000 in 2015. This has led to the lowest population growth since the publication of demographic statistics. The number of deaths has continued to grow slightly from about 259,000 in 1970 to 276,000 in 2015 while the number of births has reduced and the proportion of the aging population has increased. The proportion of deaths for the eight leading causes of death increased from 74% in 2005 to 80% in 2015.
The highest mortality rate among the eight leading causes of death was cancer, and the lowest was nervous system diseases in 2005. The mortality rate for nervous system diseases, however, increased steeply in 2015, with its former place replaced by infectious diseases. The most remarkable changes from 2005 in mortality rates were the increase in nervous system diseases and the decrease in endocrine diseases, such that the rate of nervous system diseases increased by 148% and the rate of endocrine diseases decreased by 10% in 2015, compared to 2005. Nervous system diseases include meningitis, Alzheimer, and other diseases associated with the nervous system. Endocrine diseases consist of diabetes, malnutrition, endocrine, and other diseases related to nutrition and and metabolism. In terms of the mortality rates by gender, the highest was cancer for males and circulatory diseases for females in both 2005 and 2015. The lowest was nervous and infectious diseases for males and females, respectively, in 2005, but it changed to infectious diseases for males in 2015. Fig. (4) . The number of deaths and mortality rates per 100,000 population depending on age (2015). The age-standardized mortality rate of Korea was the 13th lowest among 34 Organization for Economic Co-operation and Development (OECD) countries in 2012 [31] . The rate for cancer was 24.2 per 100,000 lower than the OECD average of 207.5 per 100,000, and it was ranked 29th. The rate is at a quite low level compared to Hungary with 293.3 and Slovenia with 257.3 per 100,000. On the contrary, suicide (1st), gastric cancer (3rd), diabetes (5th), and cerebrovascular disease (10th) rates were considerably higher. In 2012, the mortality rate for suicide in Korea was 29.1 per 100,000, which was 17.0 per 100,000 more than the OECD average of 12.1 per 100,000. The suicide rate was the highest among OECD countries, followed by Hungary with 22.0 per 100,000. The rate for gastric cancer in Korea has been much lower than in the past, but it was still the third-largest in the OECD countries. Chile with 27.9 per 100,000 had the highest risk of gastric cancer among OECD countries, followed by Japan with 25.4 per 100,000. The rate for cerebrovascular diseases in Korea was 8.4 per 100,000 higher than the OECD average of 68.1 per 100,000. The country with the highest mortality rate for cerebrovascular diseases was Slovakia with 136.7 per100,000, followed by Hungary with 122.3 per 100,000. With the advances of preventive medicine and medical insurance systems, diseases that require advanced medical technologies have shown reduced rates. However, the rates for some causes such as suicide and diabetes show an increasing tendency, thus requiring some appropriate countermeasures.
It should be noted that Korea is experiencing a rapidly aging population. Older people aged 65 and over were only 4.5% in 1992, but increased to 8.8% in 2005, and accounted for 13.2% of the population in 2015 [32] . This is a substantially larger percentage than the 8.5% worldwide in 2015 [33] . In addition, the life expectancy at birth in 2015 is 82.3 years which gives Korea a world life expectancy ranking of 11 [34, 35] . Therefore, policies on health and welfare for the elderly are very important issues. This study has some limitations. As mentioned above, the quality of the death statistics and the accuracy of identifying the causes have improved over time in Korea. Nevertheless, the data sources used in this study may be subject to potential misclassification of causes of death in official death certificates. Second, the study explored and analyzed the characteristics of mortality for only eight major causes of death, but not all causes such as the full WHO table for causes of death. The results, therefore, should only be interpreted for the causes analyzed in this article.
CONCLUSION
In this study, we analyzed and visualized the characteristics of the mortality rates for major causes of death in Korea. The age-standardized mortality rate in Korea has steadily declined since the 1980s. The crude mortality rate, however, has changed from a decreasing to an increasing trend starting from 2010. In the case of nervous system and resp-iratory diseases, there is a large increase in 2015 compared to 2010. The rates for cancer and circulatory diseases, among the eight leading causes of death, are significantly higher than the other diseases from 2005 to 2015. The administrative agencies
